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Abstract

Background Antibiotics are a key commodity for global health, and inadequate access is a major contributor

to global mortality. COVID-19 has refocused attention on global pharmaceutical value chains and the need for sus-
tainable and secure production and supply of key products, including antibiotics. Production of antibiotics and their
active pharmaceutical ingredients is capital- and technology-intensive, however, and value chains are dominated
by a limited number of countries. China is known to be one of the largest producers, but its position in global value
chains has not previously been analyzed. This is important for discussions about equitable and resilient global sup-
plies, including through global instruments such as the pandemic treaty.

Methods This study utilizes data from the International Trade Center database to analyze global and Chinese
export trade patterns in the antibiotic industry from 2002 to 2021, along with trends in comparative advantage. The
antibiotic trade data included in this study covers different antibiotic products, including some tuberculosis drugs,
while other types of antimicrobial drugs (such as antivirals, antiparasitics) are excluded.

Results The export share of antibiotic ingredients from China increased from 9.0% in 2002 to 44.5% in 2021. China
is the largest exporter of antibiotic ingredients (with a strong comparative advantage). Additionally, the export share
of antibiotic medicines increased from 0.5% in 2002 to 6.5% in 2021, making it the 7th largest exporter of antibiotic
medicines (though with a comparative disadvantage). The proportion of antibiotic medicines in China’s exports

is gradually increasing, though the country’s antibiotic industry is expected to remain in the upstream-to-midstream
segments of the global supply chain in the short term. China’s export market for antibiotic medicines is fragmented,
focusing on developing countries, though European (17.9% in 2021) and North American markets (13.1% in 2021)
are increasing in importance. China's weight in global antibiotic exports, particularly of antibiotic ingredients, creates
dependencies for countries reliant on China, and for Chinese companies reliant on certain overseas markets.

Conclusions China is central to global antibiotic manufacturing. Policies promoting the reshaping of global

supply chains and reshoring of critical medicines will likely create challenges for Chinese exporters, though are
unlikely to alter the global supply structure in the short term. This has implications for Chinese policymakers, includ-
ing strengthening innovation, quality, international competitiveness, and diversifying markets. Equally, China’s

huge manufacturing capability, cost advantages, and rapid scientific and technological progress, make the country
an inevitable and important part of future arrangements to ensure equitable global antibiotic access. As the Chinese
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government considers its global health policy in the post-COVID-19 era, antibiotics may provide an area where China

can play a distinctive role.

Keywords Antibiotics, Access, Global value chains, China, Antibiotic global trade

Background

Antibiotics are a group ofmedicines that are key to the
functioning of effective health systems, and an essential
commodity for global health. Lack of access to antibiotics
is estimated to cause more deaths globally than antimi-
crobial resistance (AMR) [1], primarily in low- and mid-
dle-income countries (LMICs) [2]. While the reasons for
limited access to antibiotics are complex [2—4], reliable
supplies are an important element and there is a recog-
nised need for global coordination to ensure this [4].

The COVID-19 pandemic has refocused attention on
the importance of complex global value chains in the
supply of pharmaceuticals, and the need for sustainable
and secure production and supply of key products [5, 6].
The majority of antibiotic medicine supply comes from
a small number of countries, including Italy, India, Can-
ada and German [7]. This reflects the fact that antibiotic
medicines are a capital - and technology - intensive sub-
sector within biopharmaceuticals. In the antibiotic sup-
ply chain, the upstream segment primarily involves raw
material production, while the downstream segment is
focused on antibiotic formulations. Better understanding
global patterns of production and distribution of antibi-
otics is necessary for ensuring sustainable and secure
supply and improving access, especially in LMICs. To
date, there have been only a limited number of studies of
this [8, 9]. We believe this study to be the first to focus on
China, one of the most important suppliers of antibiotics
and precursors globally.

As the only country to cover all industrial categories
in the WHO Industrial Classification, China has become
an important link in global supply chains [10], particu-
larly in industries like pharmaceutical manufacturing,
automobiles, and electronics [11, 12]. Since joining the
WTO, China’s pharmaceutical sector has seen rapid
growth, with a significant increase in its participation
in international division of labor [13]. In the antibiotic
sub-sector, data from the International Trade Centre
(ITC) indicate that China’s production and export vol-
ume of antibiotics was ranked number one globally in
2009 [11], while around 45% of the active pharmaceuti-
cal ingredients (APIs) needed for global antibiotics are
sourced from China, as shown later in the paper [14].
Moreover, the significant increase in pharmaceutical
exports from China to India and the US [9, 15]. Reports
from 2020 indicate that India imports nearly 70% of its
APIs from China [16]. In 2020-21, China (22%) became

the third-largest supplier of APIs to the United States,
following India and Italy [17], suggesting an increasing
global direct or indirect dependence on supplies from
China [18]. Examples of this dependency include a case
in 2017 when the shutdown of a single factory in China
led to a global shortage of the crucial antibiotic pipera-
cillin-tazobactam, and benzathine penicillin, for which
only three API manufacturers remain, all of which are in
China [19, 20].

China’s antibiotic industry has a long history, though
one which sits out the mainstream of antibiotic pro-
duction and research in developing countries. China’s
research into and production of antibiotics (initially
mainly penicillin, then streptomycin) started in the late
1940s, with development of an antibiotics industry in the
1950s, with backing for research centres and state-owned
facilities from the central government and support from
the former Union of Soviet Socialist Republics (USSR).
Post-1949 and the founding of the People’s Republic of
China, the country was very isolated internationally and
not integrated in mainstream global efforts to scale up
technology transfer to developing countries in the 1950s
[21].

Pharmaceuticals and biotech have become an increas-
ingly important industrial sector for China in the last two
to three decades, however, and increasing investment
and policy support have sought to transform an industry
primarily focused on generics and ‘me too’ drugs into one
focused on value and innovation [22-24]. China’s antibi-
otic exports have developed rapidly, as part of an export-
oriented pharmaceutical manufacturing strategy, but as
with other segments of the market, antibiotic exports are
primarily concentrated in APIs and generic drugs [11,
25]. There is recognition of the need for the country’s
antibiotic sector to transition toward innovation-driven
growth, balancing the country’s traditional role as a fast
follower in antibiotics [22].

China has introduced a series of strategic national
policies to elevate its position in global value chains. In
2017, the country set the goal of “promoting the coun-
try’s manufacturing industry to move up the global value
chain” This objective was reiterated in 2020 and 2022
with an emphasis on “enhancing the autonomy, secu-
rity, and control of industrial and supply chains” [26].
Regarding antibiotics, China has introduced various poli-
cies to encourage and support the R&D of next-genera-
tion antibiotics, accelerate their commercialization, and
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streamline the approval process for new drugs [27]. These
measures have, to some extent, promoted competition
between domestic and international new drugs in the
local market, driving innovation among domestic phar-
maceutical companies [28, 29]. The most notable exam-
ple is the “National Action Plan to Contain Antimicrobial
Resistance (2016-2020)” [30]. In recent years, Chinese
companies have gained international certifications from
agencies including Food and Drug Administration (FDA),
Certificate of Suitability (COS), the Pharmaceuticals and
Medical Devices Agency (PMDA), Therapeutic Goods
Administration (TGA), and Therapeutic Products Direc-
torate (TPD), enabling them to export to high-end global
markets and enhancing their international competitive-
ness [31].

The COVID-19 pandemic has had a profound impact
on global supply chains [32]. Before the pandemic, con-
cerns had already been raised about the risks of relying
on China’s pharmaceutical supply chains, but these issues
gained greater attention and urgency in the wake of the
global health crisis. Countries, led by the US, began
rethinking the global layout of their manufacturing sup-
ply chains [33, 34]. China’s antibiotic industry faces multi-
ple pressures, including the need to strengthen domestic
innovation, dependency on trade in comparatively lower-
value antibiotic ingredients, and pressures likely to come
from the reshaping of global antibiotic ingredient sup-
ply chains. Therefore, assessing China’s role in the global
antibiotic supply chain, optimizing the pharmaceutical
industry landscape, and enhancing international com-
petitiveness have become critical. In this study, we aim to
clarify China’s role in the global antibiotic industry chain
by analyzing China’s evolving antibiotic trade and explor-
ing the changing trends in the comparative advantage of
Chinese-produced antibiotics.

Materials and methods

Data

Classification and definitions

When products cross borders through regular trade, they
are usually recorded in trade registers using the inter-
national nomenclature referred to as the Harmonized
System (HS) developed by the World Customs Organiza-
tion (WCO). Products are usually identified by a six-digit
code [35]. HS Chapter 29 (Section 2941) and Chapter 30
(Section 3003 and 3004) cover different antibiotic prod-
ucts [9].

We use ‘antibiotic ingredients’ in this article to refer to
what is often called either Active Pharmaceutical Ingre-
dients (APIs), raw chemicals, key starting materials or
bulk drugs. When using the term ‘antibiotic medicines’ in
this article, it refers to what is often called formulations,
which are mixed medicines prepared for therapeutic
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or prophylactic uses that are exported either in doses
or packed for retail sale, or in bulk without packaging.
Antibiotic medicines are usually classified in the HS as
pharmaceutical products under chapter 30, while antibi-
otic ingredients are classified as organic chemicals under
chapter 29 and HS heading 2941. Antibiotic medicines
are further divided into two main sub-categories in cus-
toms: (1) penicillins, streptomycins and their derivates,
categorised under HS heading 3003.10 (not in doses/
packing) and 3004.10 (in doses/packing), and (2) other
types of antibiotics, categorised under HS heading
3003.20 (not in doses/packing) and 3004.20 (in doses/
packing). There is no distinction between antibiotics for
human and animal use in the HS, and this article there-
fore assumes that both are included under the mentioned
headings.

Data sources, collection and analysis

The data used in this article were obtained from China
Customs public database and ITC database. Data from
ITC database primarily comes from UN Comtrade, the
world’s largest trade statistics database, which is main-
tained by the United Nations Statistics Division (UNSD)
and is based on trade data submitted by national statis-
tical agencies. The antibiotic products analyzed in this
study are heterogenous in their physical characteristics,
i.e., tablets, capsules, syrups, powders, creams, ointments
or liquids, in bulk or in doses with excipients added.
Working with volume or unit value was therefore not
found relevant in this study [36]. Therefore, we utilize
monetary value (USD) as an indicator of trade through-
out, rather than quantity (volume in kilogram) or unit
value (price per kilogram). We collected commodity-spe-
cific data on China’s annual exports between 2002-2021
using the HS codes on antibiotics mentioned above. Data
collection and analysis were conducted using Excel, while
R 2.5.6 and Gephi were used for data visualization.

Methods

Descriptive analysis of trade

Analyzing China’s antibiotic trade trends by the import
and export value, the proportion of different products in
imports and exports, and the changes in export values to
major countries, focusing on the top ten countries with
the highest antibiotic exports in 2021.

Global trade network

The trade network is a complex economic system com-
posed of interconnected national or regional econo-
mies. Based on the trade data of the top ten countries
with the highest antibiotic exports in 2021, trade net-
work analysis is utilized to analyze the global anti-
biotic industry structure, including trade value and
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partnerships. Treemaps are a popular tool for visualiz-
ing hierarchical data: items are represented by nested
rectangles, with the area of each rectangle correspond-
ing to the data for that item. Within the same hierarchy
level, larger rectangles indicate a greater proportion of
that data within the whole [37, 38]. The treemap is used
here to illustrate China’s antibiotic export markets and
values, highlighting the destinations and scale of Chi-
na’s antibiotic exports.

Comparative advantage: definition and indicators
Comparative advantage refers to a country’s ability to
manufacture and export goods and products that are
relatively cheaper than similar goods manufactured
and exported by other countries and foreign competi-
tors [39]. The Balassa Revealed Comparative Advantage
(RCA) index measures a country’s comparative advan-
tage in exporting specific commodities relative to other
countries within a free trade framework and is widely
used in comparative research [40]. To quantitatively
assess the comparative advantage of various antibiotic
products among the leading exporting countries, this
study uses the comparative advantage index to analyze
the antibiotic products of the top ten countries with the
highest exports of antibiotic medicines and ingredients
in 2021. The formula is as follows:

RCAU = (Xij/Xj) / Kiw/Xw)

Where, RCAy, X, X;, X;,, and X, are Balassa’s index
of revealed comparative advantage, exports of good i by
country j, exports of all goods by country j, exports of
good i by all countries in the world and exports of all
goods by all countries in the world, respectively [41].

If the value of index is less than 1, the country has a
revealed comparative disadvantage (loss) in the trade of
good i and conversely, if the ratio is greater than 1, the
country has a revealed comparative advantage in the
trade of that good; the higher the value, the greater the
comparative advantage [42]. The trend of RCA;; shows
the changes in export share of commodity i to country j
[43]. Evaluating the incremental trend of the RCA;; over
time highlights the improvement in a country’s com-
petitive standing for a given commodity, reflecting the
creation or utilization of new opportunities [44].

The Comparative Advantage index has limitations: 1)
It is asymmetric: comparative disadvantage ranges from
0 to 1, while advantage spans from 1 to infinity. 2) There
is a small-country bias: when X; is small relative to X,,,
RCA tends to be higher, often making smaller coun-
tries appear more competitive than larger ones [40,
45, 46]. In the case of China’s export of antibiotics and
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antibiotic ingredients, the Balassa RCA index allows a
robust assessment of comparative advantage.

Results

Value of China’s antibiotic exports

Supplementary table.l reveals a significant surge in
China’s antibiotic exports over the past two decades.
In 2021, China’s exports of antibiotic totaled $5.46 bil-
lion, compared to $770 million in 2002, with an average
annual growth rate of 10.85%. Since 2002, China has con-
sistently been a net exporter of antibiotic ingredients.
The trade surplus has steadily risen from $0.47 billion
in 2002 to $3.86 billion in 2021, reflecting an average
annual growth rate of 11.70%. Notably, the COVID-19
pandemic contributed to a surge in the 2020 trade sur-
plus, which increased by $0.31 billion compared to 2018.
Figure 1 further demonstrates the yearly growth of Chi-
na’s total antibiotic exports since 2002. It indicates that
the most significant growth periods were 2004-2011 and
2016-2021, with a noticeable spike after the onset of the
COVID-19 pandemic. The trend in antibiotic ingredient
exports closely aligns with this pattern. Notably, from
2002 to 2021, China’s share of the global market for anti-
biotic exports exhibited an overall upward trend, with the
most significant increase observed in the market share
for antibiotic ingredients.

Overall, while the export value and global market share
of both antibiotic ingredients and antibiotic medicines
has been on an upward trend over the past two decades.
Nevertheless, China’s antibiotic exports remain focused
on ingredients, though as Figure 2 shows, that the pro-
portion of antibiotic ingredients within the total antibi-
otic exports has been declining. This downward trend
has become more pronounced since 2008. To explore the
evolution of supply structure and market demand, we
also focused on imports. The import of antibiotic medi-
cines has shown an upward trend, with import values
beginning to rise rapidly in 2007 and again in 2017. As
for antibiotic ingredients, imports have steadily increased
since 2016, with a spike in 2019. By 2019, the import
value had reached $0.69 billion (Fig. 1).

Status and position of China’s global export of antibiotic
medicines and ingredients from 2020 to 2021

The results show that the leading exporters of antibiotic
medicines were Italy, Canada, India, and Germany, while
China, Italy, India, and Switzerland were the key export-
ers of antibiotic ingredients (in appendix). According to
statistics, in 2021, China’s antibiotic exports accounted
for 18.9% of global antibiotic exports, with antibi-
otic ingredients making up 44.5% of global antibiotic
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Fig. 1 a China’s export and import trends for antibiotic medicines and ingredients (2002-2021). b China's growing share in the global market

for Antibiotic Medicines and Ingredients (2002-2021)

ingredients exports, making China the largest exporter
of antibiotic ingredients worldwide. Notably, China
accounts for nearly half of the global export of antibi-
otic ingredients, but the number of trading partners it
has is not significantly different from that of India and
other countries, with considerable overlap among them.
This indicates that China’s export market for antibiotic
ingredients is highly concentrated and faces competition
from India. Interestingly, a significant portion of China’s
antibiotic ingredient exports goes to India (about 1/3),
accounting for 82.7% of India’s import share, though
India is seeking to reshore API production in the wake of
COVID-19 and linked to concerns over excessive reliance
on overseas suppliers for critical health commodities

[47]. Moreover, among the top ten exporters of antibiotic
ingredients (excluding Spain and Singapore), China is
also one of the main export destinations. We discuss this
in more detail below.

The analysis of the antibiotic medicines trade network
reveals that, aside from the relatively lower export values
of the UK, the US and France, the differences in export
values among other countries are not significant. The
market concentration of countries’ exports of antibiotic
medicines differs: exports from China, the UK, France,
and Belgium are relatively diversified, indicating a lower
market concentration (Fig. 3a), while exports from the
remaining countries are mainly directed toward one



Yang et al. Globalization and Health (2024) 20:87
b
-
H
4
o
. Antibiotic ingredients . Antibiotic medicines in . ioti notin

ie(Import)

Percent_Valu

Page 6 of 15

100 -
5=
0-

2005

. Antibiotic ingredients

2

2010 2015 2020
Year

. Antibiotic medicines in doses/packing . Antibiotic medicines not in doses/packing

Fig. 2 Proportions of antibiotic ingredients and medicines exported and imported by China (2002-2021)

or a few key destinations, suggesting a higher market
concentration.

Destinations of antibiotic ingredients and medicines
exported from China

Figure 4 shows the geographical distribution of destina-
tions for China’s antibiotic exports. Taking a regional
perspective, China’s antibiotic medicine (penicillins,
streptomycins and their derivates) export trade is pre-
dominantly directed towards West Africa, South Amer-
ica, Southeast Asia, and Eastern Africa. Specifically,
West Africa alone accounts for over $45.36 million in
exports, representing 17.09% of the total. If the focus is
on countries, however, the US is the second-largest sin-
gle destination for China’s exports of antibiotic medicines
(penicillin, streptomycin, and their derivatives). Russia,
India, and Germany are also key export destinations. In
contrast, the export trade for antibiotic medicines (other
antibiotics) is mainly focused on countries in Western
Europe, North America, South Asia, Southeast Asia, and
South America, with exports to Western Europe and
North America exceeding $ 270.34 million. Additionally,
exports of antibiotic ingredients span all continents, with

(See figure on next page.)

the majority still concentrated in South Asia ($ 1.55 bil-
lion). Western Europe is another major export destina-
tion. The US, Italy, Germany, and France, which are
leading countries in medical innovation, account for a
significant portion of China’s antibiotic ingredient export
value. Notably, regions with limited pharmaceutical man-
ufacturing capacity, such as Africa, also hold a share in
China’s export value.

China’s comparative advantage vis-a-vis the world’s largest
exporters of antibiotic ingredients and medicines

As depicted in Fig. 5, China’s apparent comparative
advantage index in the field of antibiotic medicines has
consistently remained below 1, an accepted bench-
mark for comparative advantage in this sector, whereas
Italy and India, a major exporter of antibiotics, has an
index exceeding 1.5. Meanwhile, Canada’s index has
grown rapidly since 2018, remaining consistently above
2. In terms of market share, since 2007, China’s mar-
ket share in antibiotic medicines has been continuously
expanding, while the global market share in antibiotic
medicines has remained relatively stable. These indi-
cate that China’s export of antibiotic medicines is not a

Fig. 3 aTrade network of leading global exporters of antibiotic medicines. Node size indicates the total value of a country’s exports, while node
color reflects the number of exporting partner countries (darker blue denotes more partners). Line color aligns with the exporting country, and line
width represents the export value to a specific target country. b Trade Network of the World's Leading Exporters of Antibiotic Ingredients. Node size
indicates a country’s total export value, while node color represents the number of export partner countries (darker blue indicates more partners).
Line color aligns with the exporting country, and line width represents the value of exports to a specific target country
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comparative advantage, though this has been improving
somewhat since 2007, with the index rising from 0.13 in
2007 to 0.43 in 2021, though this remains substantially
below the 1 that would indicate comparative advantage.
In contrast, China enjoys a significant export advantage
in the field of antibiotic ingredients, with a comparative
advantage index which surpasses 1.5, and which contin-
ues to grow. Both China and the world have shown an
expanding trend in the market share of antibiotic ingre-
dients, but China’s growth rate is faster than that of the
world. Moreover, Italy, India, and Switzerland, also major
exporters of antibiotic ingredients, have a comparative
advantage index generally consistently above 2, reflect-
ing strong international competitiveness. Furthermore,
the gap between China’s relative advantage in antibiotic
ingredients and antibiotic medicines is gradually weaken-
ing, with the relative index dropping from 18.16 in 2006
to 6.90 in 2021. Overall, the data suggests that at present
and in the short term, China’s export advantage in anti-
biotic ingredients is relatively pronounced, and that the
country’s comparative disadvantage in export of antibi-
otic medicines will take some time to be overturned.

China’s export of antibiotic medicines and ingredients
Figures 6 and 7 illustrate the primary export markets for
China’s antibiotic ingredients and medicines, as well as
the annual trends in their export values. Among the top
ten export destinations in 2021, the overall export value
for antibiotic medicines has been rising, with a notice-
able acceleration after 2017, particularly in the US. The
US has now become the main market for China’s export
of antibiotic medicines (other antibiotics), whereas the
main market for antibiotic medicines (penicillins, strep-
tomycins and their derivates) has shifted from Nigeria
and India to Nigeria, Japan, and the US (Fig. 6). Notably,
exports of antibiotic medicines (penicillins, streptomy-
cins and their derivates) to the US started to grow in 2018
and surged in 2020, while exports to Japan saw rapid
growth from 2015, reaching $23.52 million in 2018. India
has consistently been the primary destination for China’s
export of antibiotic ingredients (Fig. 7). India has always
accounted for about a third of China’s export share, and
the increase in exports to India has outpaced other des-
tinations. According to statistics, antibiotic ingredients
imported from China make up 82.7% of India’s total
imports of antibiotic ingredients by value.

(See figure on next page.)
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Discussion

This study, based on data from the ITC, examines the
evolution and characteristics of Chinese antibiotic
trade from 2002 to 2021. It explores the current state
of global and Chinese antibiotic export trade, as well
as China’s role and trends in the global antibiotic sup-
ply chain. The main findings from this research are as
follows.

Trends in China’s antibiotic export trade

China’s export trade of antibiotics is influenced by mac-
roeconomic policies. On the export side, the focus has
primarily been on low - value ingredients [48], though
the export of antibiotic medicines is expanding. The
overall export value has shown an upward trend, driven
largely by antibiotic ingredients. This can be attributed
to a combination of factors, including market diversifi-
cation, international environmental protection, demand
patterns, and cost advantages [14, 49, 50]. The export of
antibiotic ingredients surged after 2020, possibly due to
the treatment of secondary infections and overuse dur-
ing the COVID-19 pandemic [51-53]. The fact that, for
both antibiotic medicines and antibiotic ingredients, the
cumulative growth rate of the export volume is lower
than that of the export value indicates a significant
increase in the average unit price. This suggests ongoing
industrial restructuring, with a gradual shift from lower-
value to higher-value products. Additionally, the export
value and proportion of antibiotic medicines vis-a-vis
ingredients have been expanding since 2008. This may be
linked to policies like the Medium- and Long-Term Sci-
ence and Technology Development Plan (2006-2020),
issued in 2006 [30], aimed at enhancing the quality of
medicines. The Major Projects Plan, established in 2008,
which prioritizes new drug R&D, may have also played a
role [54].

On the import side, there was a significant surge in
antibiotic medicines imports in 2007 and 2017, with a
steady increase in antibiotic ingredient imports starting
in 2016, culminating in a sharp spike in 2019. This trend
can be explained by various favorable policies, including
improved import regulation, reduced import barriers,
initiatives to promote generic drug consistency, and sup-
ply-side structural reforms in the pharmaceutical sector
[55]. Notable policy changes include the 2007 revision of
the Drug Registration Regulation, the 2016 Guideline for

Fig. 4 Destination distribution of China’s antibiotic exports in 2021. a Antibiotic Ingredients. b Other Antibiotic Medicines. ¢ Penicillin,
Streptomycin, and Their Derivatives. Different colors represent distinct regions. The size of the rectangles at the first level represents the proportion
of the total value of China’s exports to that region relative to the total value of China’s exports. The size of the rectangles at the second level
represents the proportion of the total value of China’s exports to that country relative to the total value of exports to that region. The larger the area

of the rectangle, the greater the proportion
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the Consistency Evaluation of Generic Drug Quality and
Efficacy, the 2017 Classification Guidance for Generic
Drug Quality and Efficacy Consistency Evaluation, and
the 2018 National Drug Safety 12th Five-Year Plan [56].
The implementation of drug consistency evaluations
has driven demand for high-quality imported ingredi-
ents and medicines. Environmental challenges leading
to shortages or price spikes for ingredients, coupled with

multinational companies’ increasing procurement from
overseas, have likely further spurred significant growth in
imports [57]. The cumulative growth rate of imports for
antibiotic ingredients and medicines is lower than that
of import value, indicating an increase in average unit
value. This may suggest that China’s industrial structure
is adjusting, with import demand remaining focused on
higher-value products.
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Overall, China’s antibiotic industry holds a position in
the upstream-to-midstream segment of the global anti-
biotic supply chain [51-53, 58]. The worldwide supply of
antibiotic ingredients is, to a substantial extent, depend-
ent on China’s exports. China is now the world’s 7th
largest exporter of antibiotic medicines and the largest
exporter of antibiotic ingredients. Noticeably, India’s anti-
biotic ingredients are relatively dispersed [59], whereas
China’s antibiotic ingredient exports are relatively con-
centrated in a small number of markets. About 1/3 of
those exports go to India, making up 82.7% of India’s total
imports. As a major exporter of antibiotics, India today
is highly dependent on importing antibiotic ingredients
from China [9]. Consequently, the antibiotic manufactur-
ing industry in many countries relies, either directly or
indirectly, on China, positioning China as a critical player
in the global antibiotic supply chain. This phenomenon
was illustrated in 2017, when the shutdown of a single fac-
tory in China caused a worldwide shortage of the corner-
stone antibiotic piperacillin—tazobactam [20, 60].

However, this concentration of export markets height-
ens the reliance of Chinese exports on specific regions.
If there were issues with exports to India, for example,
it would be difficult to offset them through stability or
counterbalancing in other export markets [50]. Pres-
ently, countries are placing more emphasis on reshoring

ingredient production, which could pose challenges for
China [33, 34]. Some of the most active measures are
likely to come from the United States’ Biosecure Act,
which will reduce US companies’ ability to do busi-
ness with certain Chinese companies [61, 62]. Similarly,
Indian policies to reshore API production are likely to be
significant for China, given the weight of India in Chinese
exports [47, 63, 64]. Equally, increasing environmental
regulation of antibiotic production may also affect China
[65]. It is not yet clear over what timeframe this is likely
to alter the global supply structure or the potential size of
the impact of measures such as these [50].

Conversely, China’s antibiotic medicine export mar-
ket is not highly concentrated, with exports going to a
large number of countries, indicating that it may be in
a growth phase. This dispersion reduces economic risk
but increases trade costs, suggesting China may lack
competitive high-tech and high-value-added products
[50]. Interestingly, China is also a primary export desti-
nation for other major antibiotic ingredient exporters,
likely due to the domestic demand for high-quality, high-
value ingredients. This points to the potential for China
to optimize its product structure and focus on precision
and specialization [48].

China’s antibiotic export trade network has extended
to all corners of the globe, with a growing importance
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in developed markets like Europe and North America.
The export markets for China’s antibiotic ingredients
span various continents, with a strong focus on South
Asia and Western Europe. The primary markets for anti-
biotic medicines (penicillins, streptomycins and their
derivates) are developing regions such as East and West
Africa, South America, and Southeast Asia. Exports
to the US started to grow in 2018 and showed a sharp
increase in 2020, while exports to Japan surged in 2015.
As for antibiotic medicines (other antibiotics), their pri-
mary export destinations include Western Europe, North
America, and South Asia. Exports to the US began to
grow in 2016, showed an accelerated increase in 2018,
and reached another peak in 2021. This surge might
be influenced by the overuse of antibiotics during the
COVID-19 pandemic [51-53, 58]. It also reflects the
impact of consistency evaluations for generic drugs [56]
and other incentive policies aimed at boosting drug R&D
[30, 66—68], which have improved drug quality, interna-
tional recognition, and competitiveness, thereby driving
exports [69]. The growing importance of the European
and North American markets suggests a more rational
and balanced global market distribution [23, 41].

China’s competitive advantage in antibiotics

China’s competitive advantage in antibiotic ingredients
is likely to remain strong, whereas antibiotic medicines
remain insufficiently competitive and are expected to
continue to show a comparative disadvantage in the short
term. The comparative advantage of antibiotic ingredi-
ents has shown a fluctuating upward trend, primarily due
to costs associated with labor and the environment [70].
The comparative advantage of antibiotic medicines has
been rising since around 2007, likely due to incentives for
R&D and changes in drug management policies.

From the relative index of comparative advantage,
around 2006, China’s comparative advantage in antibi-
otics began shifting towards antibiotic medicines, but in
the short term, the export advantage of antibiotic ingre-
dients will continue to dominate. The factors behind this
transition likely include technological advancements like
increased labor productivity, and enhanced innovation
capacity. Policy support, resource endowment, econo-
mies of scale, and ingredient costs have also played sig-
nificant roles [71]. This evolution suggests that China’s
antibiotic export trade structure is being optimized, tran-
sitioning towards innovation, with industrial competi-
tiveness strengthening and moving towards the higher
end of the global industrial chain [72]. From the perspec-
tive of China’s domestic industry and industrial policy, it
will be important to pursue consolidation and enhanced
comparative advantage, strengthen independent innova-
tion capacity, drive technological progress, and mitigate
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the adverse effects of declining labor supply, rising ingre-
dient costs, and the appreciation of the effective exchange
rate [71].

A curious finding noted above is that, as well as being
among the top ten exporters of antibiotic ingredients
(excluding Spain and Singapore), China is also one of the
main export destinations. This is a surprising finding, and
possibly indicates that China is importing comparatively
higher quality antibiotic ingredients from these coun-
tries, or that multinational companies in China are pur-
chasing ingredients from outside China (Fig. 3b). More
research is needed to verify this.

Global antibiotic value chains

The COVID-19 pandemic has underscored China’s cen-
trality in the supply of many health commodities [34],
reviving discussions about reshaping global production
networks. Overall, from a global perspective, COVID-
19 has shown the importance of diversified and resilient
supply and value chains in ensuring access to key medi-
cal technologies and commodities. As discussed above,
countries like the US and India have implemented a
series of incentives to boost domestic production of
antibiotic ingredients [33, 73]. Reshaping the supply
chain may not be achieved in the short term, but in the
long run, it poses challenges for Chinese policymakers
and industry [34, 50]. These include strengthening inde-
pendent innovation and quality certification, boosting
international competitiveness, and diversifying markets
and export destinations [74, 75], supported by sound
policies [34].

As we highlight above, access to antibiotics is a funda-
mental question for global health. The lack of adequate
access is assessed to cause more deaths globally than
antimicrobial resistance and furthers the emergence of
resistance, predominantly in LMICs [76]. Faced with this,
there is a need for greater support to initiatives and coor-
dination to improve access to the right antibiotic at the
right time. This is both a consideration for global health
equity and for the sustainable management of antibiot-
ics as a global good. It is also an important considera-
tion in the negotiation of a pandemic treaty, given the
importance of antibiotics in treating secondary bacterial
infections in the case of a viral pandemic as well as in the
management of possible bacterial threats [2]. China’s sig-
nificance in global antibiotic value chains, its huge man-
ufacturing capability (and linked cost advantages in the
supply of many health commodities), as well as its rapid
scientific and technological progress, inevitably make
the country an important part of arrangements that are
needed to ensure equitable global access to antibiotics in
the future [1].
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This study also has limitations. Although volume or
unit value is not found to be a relevant measure in this
study, analyzing only trade value may overlook the
pricing of more specific types of antibiotics in differ-
ent markets and how prices may be affecting trade [36].
Additionally, the unit value of antibiotics exported from
China is relatively low compared to other major antibi-
otic-exporting countries in Europe and America. Con-
sequently, China’s export share of antibiotics, calculated
based on export value, may be underestimated compared
to calculations based on export volume.

Conclusion

This study shows that China’s antibiotic exports focus
mainly on antibiotic ingredients, though the share of
antibiotic medicines in exports is gradually increas-
ing. China’s comparative advantage is shifting gradually
towards antibiotic medicines, though it will remain in
antibiotic ingredients in the short term.

The study also shows how central China is to global
antibiotic manufacturing. This is likely to make China
central to future efforts to ensure global access to anti-
biotics, which is inequitable and a substantial cause of
mortality.

This centrality also creates dilemmas as countries reshore
production of pharmaceuticals and ingredients in the wake
of COVID-19 to diversify their production and make their
supply chains more resilient. Such dynamics will impact
Chinese exporters, though they may not fundamentally
alter the global supply structure in the short term.

This also has implications for Chinese policymakers
and the measures they take to move Chinese pharma-
ceuticals up the global value chain through strengthening
innovation and quality certification, boosting interna-
tional competitiveness, and diversifying markets and
export destinations.

China’s centrality in global antibiotic value chains, its
immense manufacturing capacity, and rapid scientific
and technical progress pose questions about the coun-
try’s evolving role in global health and desire to contrib-
ute to the provision of global public goods for health [77].
Antibiotics may be an area where the country can play a
distinctive role, including through participation in nego-
tiations over global instruments such as the pandemic
treaty, or in partnering with counterparts in, for example,
Sub-Saharan Africa to support technology transfer and
industrial upgrading.
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